T
he prevalence of obesity in the United States is reaching epidemic proportions. An estimated 30% of individuals met the criteria for obesity in 1999 -2002 (1, 2), and many industrialized countries have seen similar increases. The health consequences of obesity include heart disease, diabetes, hypertension, hyperlipidemia, osteoarthritis, and sleep apnea (3) (4) (5) (6) (7) . Weight loss of 5% to 10% has been associated with marked reductions in the risk for these chronic diseases and with reducing the incidence of diabetes (8 -14) .
The increasing numbers of obese individuals have led to intensified interest in surgical treatments to achieve weight loss, and a variety of surgical procedures have been used (Figure 1) . Bariatric surgery was first performed in 1954 with the introduction of the jejunoileal bypass, which bypasses a large segment of small intestine by connecting proximal small intestine to distal small intestine. With this procedure, weight loss occurs secondary to malabsorption from reduction of upstream pancreatic and biliary contents. However, diarrhea and nutritional deficiencies were common, and this procedure was discontinued because of the complication of irreversible hepatic cirrhosis. With the development of surgical staplers came the introduction of gastroplasty procedures by Gomez in 1981 (15) and Mason in 1982 (16) . In these early procedures, the upper portion of the stomach was stapled into a small gastric pouch with an outlet (that is, a stoma) to the remaining distal stomach, which limited the size of the meal and induced early satiety. These procedures were prone to staple-line breakdown or stoma enlargement and were modified in turn by the placement of a band around the stoma (vertical banded gastroplasty).
The first gastric bypass was reported in 1967 by Mason and Ito (17) . It combined the creation of a small gastric pouch with bypassing a portion of the upper small intestine. Additional modifications resulted in the Rouxen-Y gastric bypass (RYGB), a now common operation that involves stapling the upper stomach into a 30-mL pouch and creating an outlet to the downstream small intestine. The new food limb joins with the biliopancreatic intestine after a short distance. This procedure, performed laparoscopically or by using an open approach, generates weight loss by limiting gastric capacity, causing mild malabsorption, and inducing hormonal changes. A second common technique, particularly outside of the United States, is the laparoscopic adjustable gastric band. This device is positioned around the uppermost portion of the stomach and can be adjusted to allow tailoring of the stoma outlet, which controls the rate of emptying of the pouch and meal capacity. Another procedure, preferred by a number of surgeons, is the biliopancreatic bypass, which combines a limited gastrectomy with a long Roux limb intestinal bypass that creates a small common channel (that is, an intestine where food and biliopancreatic contents mix). This procedure can be combined with a duodenal switch, which maintains continuity of the proximal duodenum with the stomach and uses a long limb Roux-en-Y bypass to create a short common distal channel. These latter 2 procedures generate weight loss primarily through malabsorption.
Recent worldwide survey data from 2002 and 2003 show that gastric bypass is the most commonly performed weight loss procedure (65.1%) (18) . Slightly more than half of gastric bypasses are done laparoscopically. Overall, 24% of cases are laparoscopic adjustable band procedures; 5.4% are vertical banded gastroplasties; and 4.9% are biliopancreatic diversion, with or without the duodenal switch. In California, the number of bariatric cases increased 6-fold between 1996 and 2000 (19) , from 1131 cases to 6304; an estimated 140 000 procedures were performed in the United States in 2004. With this escalation in the number of procedures, there have been reports of high postoperative complication rates (20 -24) .
Because of these reports and the increasing use of obesity surgery, we were asked to review the literature to estimate the effectiveness of bariatric surgery relative to nonsurgical therapy for weight loss and reduction in preoperative obesity-related comorbid conditions. We were also asked to compare outcomes of surgical techniques. This paper is part of a larger evidence report titled "Pharmacological and Surgical Treatment of Obesity," which was prepared for the Agency for Healthcare Research and Quality and is available at www.ncbi.nlm.nih.gov/books/bv .fcgi?ridϭhstat1a.chapter.19289.
METHODS

Literature Search and Selection
We began with an electronic search of MEDLINE on 16 October 2002, followed by a search of EMBASE and subsequent periodic search updates (on 22 May, 2 June, 12 June, and 3 July 2003). We also assessed existing reviews of surgical therapy for obesity (10, 25, 26) . Three reviewers independently reviewed the studies, abstracted data, and resolved disagreements by consensus (2 reviewers per study). The principal investigator settled any unresolved disagreements.
We focused on studies that assessed surgery and used a concurrent comparison group. This category includes randomized, controlled trials (RCTs); controlled clinical trials; and cohort studies. A brief scan of the literature showed that these types of studies were rare. Therefore, we also elected to include case series with 10 or more patients, since these studies can be used to assess adverse events and could potentially augment the efficacy data from comparative studies. Publication bias is one potential limitation of analyzing the available literature because poor or negative results are not as likely to be reported as are successes or positive results.
Extraction of Study-Level Variables
We abstracted data from the articles, including number of patients and comorbid conditions, adverse events, types of outcome measures, and time from intervention until outcome. Detailed data were also collected on characteristics of the study samples, including median age, percentage of women, median baseline weight (in kilograms or body mass index [BMI] ), percentage of patients with comorbid conditions at baseline (diabetes, hypertension, dyslipidemia, and sleep apnea), percentage of improvement or resolution of preexisting comorbid conditions, and median follow-up time. We also recorded whether the case series studies reported on consecutive patients.
Choice of Outcomes
The main outcomes of interest were weight loss, mortality, complication rates, and control of obesity-related comorbid conditions. We used the most commonly reported measurement of weight loss, that is, kilograms, which allowed us to include the greatest number of studies. Among 111 surgical studies reporting weight loss, 43 reported weight loss in kilograms or pounds, 17 reported excess weight loss or some variant, 46 reported both of these outcomes, and 5 reported neither. A total of 89 stud-
Context
The effectiveness of surgical therapy in the treatment of obesity is unclear.
Contribution
Many published studies of obesity surgery have significant limitations, and case series make up much of the evidence. Evidence is complicated by the heterogeneity of procedures studied. However, surgery can result in substantial amounts of weight loss (20 to 30 kg) for markedly obese individuals. One cohort study documented weight loss for 8 years with associated improvements in comorbid conditions, such as diabetes. Complications of surgery appear to occur in about 20% of patients.
Implications
Those considering surgical treatment for obesity should understand that, although patients who have surgery can lose substantial amounts of weight, the evidence base for these treatments is limited.
-The Editors
Clinical Guidelines Meta-Analysis: Surgical Treatment of Obesity ies had sufficient data to be included in the weight loss analysis. Because weight loss achieves health benefits primarily by reducing the incidence or severity of weightrelated comorbid conditions, we also compared the effects on these outcomes. Quality of life, an important outcome in assessing tradeoffs between benefits and risks, was reported infrequently.
Statistical Analyses
Because we included both comparative studies and case series, we conducted several types of analyses. The vast number of types of surgical procedures and technical variations required that we aggregate those that were clinically similar and identify the comparisons that were of most interest to the clinical audience. On the basis of discussions with bariatric surgeons, we categorized obesity surgery procedures by procedure type (for example, gastric bypass, vertical banded gastroplasty), laparoscopic or open approach, and specific surgical details such as length of Roux limb (see the larger evidence report for details).
Analysis of the Efficacy of Surgical Weight Loss
We extracted the mean weight loss and standard deviation at 12 postoperative months and at the maximum follow-up time (Ն36 months). These times were chosen because they are clinically relevant and are most commonly reported. Of the 89 weight loss studies, 71 reported baseline BMI (average, 47.1 kg/m 2 ), 16 reported baseline weight in kilograms or pounds (average, 123.3 kg), and 2 did not report either. The average age of patients was 38 years, and more than three quarters were women.
For comparative studies that reported a within-study comparison of 2 procedures, a mean difference was calculated. Mean differences were pooled by using a randomeffects model, and 95% CIs were estimated; the same method was used to determine a pooled mean weight loss for each group considering all studies combined. However, mean difference in weight loss was not calculated.
Analysis of Surgery Mortality
We recorded the number of deaths observed and the total number of patients in each procedure group. If the study self-identified the deaths as "early" or "postoperative" or as occurring within 30 days of the surgery, we termed these early deaths. If the deaths were self-identified as "late" or if they were identified as occurring after 30 days, we termed them late deaths. If the study was unclear as to the timing of the recorded deaths, we termed them unclear deaths and combined them with early deaths for the analysis. If a study did not report data on death for a group, we recorded zero unclear deaths for that group. We imputed zero for missing data, under the assumption that the authors would have reported a death if there had been one.
For each group of similar procedures, we analyzed 4 separate combinations of death definition and type of study: late deaths for RCTs and controlled clinical trials, late deaths for case series, early or unclear deaths for RCTs and controlled clinical trials, and early or unclear deaths for case series. We calculated the crude death rate by dividing the total number of deaths observed by the total number of patients in the relevant group. Two-sided 95% CIs were calculated for all mortality rates, except where the rate was found to be zero; in these cases, a 1-sided 97.5% CI was used.
Analysis of Surgery Comorbidity
Data for diabetes, hypertension, dyslipidemia, and sleep apnea were extracted. We chose these subjects in consultation with bariatric experts because they are regarded as 4 of the most important health outcomes following obesity surgery. We collected data on the number of individuals who had these conditions at the start of the study and the number in whom the conditions resolved, improved, or remained unchanged (this being the level of detail most commonly found in case series of surgery). One hundred fourteen case series were reviewed for the 4 comorbid conditions. A crude proportion was calculated across studies (for example, the number of individuals in whom the condition resolved or improved divided by the number of people with the condition at baseline). A summary of the collective case series data found that 71% reported on Reprinted with permission from the American Society for Bariatric Surgery (www.asbs.org).
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Meta-Analysis: Surgical Treatment of Obesity consecutive surgical patients. In addition, the baseline population of patients in the case series studies was similar to that in the controlled trials (82.7% women; mean age, 38.1 years; mean BMI, 46.8 kg/m 2 ; mean follow-up, 38.7 months).
Role of the Funding Source
The funding source had no role in the design or conduct of this study or in reporting the results.
Analysis of Adverse Events Associated with Surgery
Each study was examined to determine whether it reported data on adverse events other than death. We abstracted the number of events or the number of people. Most studies recorded the number of people who experienced the event, so each event was counted as if it represented a unique individual. Because an individual might have experienced more than 1 event, this assumption may have overestimated the number of people having an adverse event. We did not assume zero events occurred unless the trial report specifically stated so.
We identified mutually exclusive subgroups of similar events on the basis of clinical expertise. For example, one subgroup was "respiratory, all," consisting of all adverse events concerning the respiratory system. We again treated all observed events as having occurred in unique individuals.
For selected surgery comparisons where data from RCTs and controlled clinical trials were available, we estimated a pooled odds ratio and 95% CI using exact methods. We also report the crude adverse event rate for each RCT/controlled clinical trial group by procedure and for each group across all studies combined.
RESULTS
Our search (which also concerned pharmacotherapy and dietary therapy) identified 1103 articles (Figure 2) . Of the 1064 articles screened, we reviewed 159 surgery studies reporting on weight loss and considered an additional 8 studies reporting only on complications, for a total of 167 studies. Of these, 20 were duplicate or additional publications of an already included study. Of the remaining 147 studies, 89 ultimately contributed to the weight loss analysis, 134 to the mortality analysis, and 128 to the complications analysis. Studies could contribute to 1 or more analyses. Sixty of the weight loss studies had follow-up of Clinical Guidelines Meta-Analysis: Surgical Treatment of Obesity greater than or equal to 24 months, with a median follow-up of 36 months. Detailed evidence from all studies included in the analysis is shown in Appendix Tables 1 and 2 (available at www.annals.org).
Benefits of Surgery for Weight Loss Weight Loss and Maintenance
We identified 2 RCTs that compared bariatric surgery with a nonsurgically treated control group. The first RCT compared horizontal gastroplasty and diet with diet alone (27) (28) (29) . This RCT generated 3 articles that reported net weight loss at 6 months (27), 24 months (28), and 5 years (29). At 6 months, weight loss did not differ between the 2 groups, but at 24 months of follow-up, the net weight change from baseline greatly favored surgical therapy (30.5 kg vs. 8.0 kg for surgical and nonsurgical therapy, respectively). We also identified another RCT that compared jejunoileal bypass with "medical treatment" (otherwise unspecified) in 196 patients (30). At 24 months of follow-up, the mean difference in weight loss greatly favored surgical therapy (mean difference, 37 kg). These studies were conducted more than 20 years ago and assessed procedures that are not currently considered relevant.
In addition to the 2 RCTs, we identified numerous reports from the observational Swedish Obese Subjects (SOS) study (31-42). In the intervention portion of this study, obese adults (BMI, Ն34 kg/m 2 for men and Ն38 kg/m 2 for women) were assessed in 2 groups: those who voluntarily underwent bariatric surgery and a group of matched controls treated medically. Matching was done on 18 variables, including sex, age, height, and weight, and controls were selected to match the means of the variables between groups. The average age of enrolled patients was 47 years. Two thirds were women, and the average baseline BMI was 41 kg/m 2 . At 8 years of follow-up from the SOS study, average weight loss was 20 kg among 251 surgically treated patients, but average weight did not change among 232 medically treated patients. Patients treated with RYGB lost more weight than those treated with vertical banded gastroplasty or banding procedures (32). The SOS study recently reported 10-year follow-up data on 1703 patients and found that those treated with surgery had significantly better weight loss than controls (16.1% decrease vs. 1.6% increase; P Ͻ 0.001). Patients receiving gastric bypass lost more weight than those treated with banding procedures or vertical banded gastroplasty (42). The SOS study also reported some results for persons with a BMI of 40 kg/m 2 or greater compared with those who had a BMI less than 40 kg/m 2 ; however, the results are presented in insufficient detail to draw firm conclusions (41).
Recently, a third RCT comparing surgery with medical treatment has been presented in abstract form (43). According to the abstract, 79 patients with mild to moderate obesity (BMI, 30 to 35 kg/m 2 ) were randomly assigned to laparoscopic adjustable band surgery or medical therapy (very-low-calorie diet, pharmacotherapy, and exercise). Weight loss outcomes at 2 years were reported as 71.5% excess body weight for the surgical group and 21.4% for the medical group (P Ͻ 0.001). The abstract did not provide enough additional details to evaluate the internal validity and generalizability; this assessment awaits publication of the full results.
Comorbid Conditions
A series of reports from the SOS study support the superiority of obesity surgery compared with medical therapy in ameliorating or preventing some obesity-related comorbid conditions. At 24 months after surgery, among 845 surgically treated patients and 845 matched controls, the incidence of hypertension, diabetes, and lipid abnormalities was markedly lower in the surgery group (adjusted odds ratios, 0.02 to 0.38) (33). At 8 years, the effect of surgery on the reduction in diabetes risk was still dramatic (odds ratio, 0.16), while the effect on reduction in risk for hypertension did not persist (odds ratio, 1.01) (32). However, significant decreases in both systolic (8.3 mm Hg) and diastolic (6.7 mm Hg) blood pressure persisted in the small (6%) subset of patients who underwent gastric bypass and lost significantly more weight compared with the 94% of patients who underwent vertical banded gastroplasty or gastric banding (31). The recent report of 10-year outcomes (42) in the SOS study found marked benefits favoring surgery for incidence and recovery from diabetes, hyperuricemia, and some lipid abnormalities. Additional reports from the SOS study support a substantial benefit of surgery in reducing sleep apnea (34) and improving symptoms of dyspnea and chest pain (34). Also of note, the SOS study found a significant improvement in quality of life among patients who had had obesity surgery but not among those in the nonsurgical cohort (37). Differences were related to the degree of weight loss. The SOS study was the only one identified that compared comorbid conditions between surgically treated patients and a concurrent nonsurgical control group. As our paper was being revised, a new matched cohort study by Christou and colleagues (44) was published that compared 1035 patients undergoing bariatric surgery (mean age, 45 years; 66% women; initial BMI, 50 kg/m 2 ) with 5746 controls matched on 3 variables: first diagnosis of morbid obesity, age, and sex. The study reported that at 2 years of follow-up, 6.17% of controls but only 0.68% of surgery patients had died (including a 0.4% perioperative death rate). The 10-year follow-up of patients in the SOS study did not report a statistically significant mortality benefit favoring surgery or medical therapy, but the investigators stated that "the study is ongoing with respect to mortality" (42).
We assessed reports of case series for data on the control of 4 comorbid conditions: diabetes, hypertension, dyslipidemia, and sleep apnea. Of the 114 case series, 21 reported quantitative information on the control of diabetes. The proportion of patients who had preoperative diabetes (median, 11% [range, 3% to 100%]) and showed improvement or resolution of diabetes after surgery ranged from 64% to 100% (median, 100%). For hypertension, among the 19 papers that reported results, 38% (range, 16% to 83%) of patients had hypertension preoperatively. Of these patients, 25% to 100% (median, 89%) showed improvement or resolution of hypertension. The range of improvement was 95% to 100% (median, 100%). In 11 studies that reported on dyslipidemia, 32% (range, 3% to 65%) had this disorder at baseline and 60% to 100% (median, 88%) reported improvement or resolution of dyslipidemia following surgery. In the 14 studies that reported results for sleep apnea, 15% (range, 2% to 50%) of patients had this condition preoperatively. These reported improvements are substantial and suggest that surgery helps relieve the burden of comorbid conditions. However, a cause-andeffect relationship cannot be conclusively proven from case series data alone. Still, these results are consistent with the statistically significant improvement reported by the SOS study for diabetes, hypertension (in the RYGB subset), and sleep apnea.
Although not assessed in this report, improvements in cardiac dysfunction (38, 45-47), gastroesophageal reflux (48 -53), pseudotumor cerebri (54, 55), the polycystic ovary syndrome (56), complications of pregnancy (57-59), stress urinary incontinence (60), degenerative joint disease (61, 62), severe venous stasis disease (63), nonalcoholic hepatitic steatosis (64 -66), and overall quality of life (67-77) have been reported in some case series of obesity surgery. As mentioned, a cause-and-effect relationship cannot be conclusively proven from case series data alone.
Comparing Weight Loss among Surgical Procedures
We also identified several RCTs and case series that compared weight loss between or among surgical procedures. Results from controlled trials at 12 months and 36 months (or longer) are summarized in Table 1 and Figure  3 . Results from all studies, which are mostly case series studies, are summarized in Table 2 and Figure 3 . The case series are limited by incomplete reporting of data that are crucial to an understanding of their validity. One quarter of studies did not state whether consecutive patients were studied, and fewer than half reported the proportion of original patients contributing data to the outcome at follow-up. For these reasons, we do not draw conclusions Clinical Guidelines Meta-Analysis: Surgical Treatment of Obesity from "all studies" data but rather compare these findings with those available from clinical trials.
Five RCTs compared surgical procedures and reported data sufficient for pooling. In 2 studies comparing RYGB procedures with vertical banded gastroplasty (78, 79) and involving 231 patients, pooled weight loss outcomes for both procedures were substantial (Ն30 kg at 36 months for both) and favored RYGB at both 12 and 36 months (8 and 9 kg of additional weight lost). These results are supported by the pooled results from all studies combined (both RCTs and case series), which report data on more than 2000 patients for each procedure. These combined data indicate that at both 12 and 36 months, patients who had RYGB reported about 10 kg more weight loss than patients treated with vertical banded gastroplasty. Several additional RCTs compared RYGB and other gastric bypass procedures with vertical banded gastroplasty or other gastric partitioning procedures (80 -84), but the results could not be included in our pooled analysis because they were not reported in terms of kilograms of weight lost or were not reported in sufficient statistical detail. Nevertheless, the results of all of these studies support the conclusion that gastric bypass produces weight loss superior to that produced by gastroplasty procedures. In 2 other RCTs, the weight lost using vertical banded gastroplasty compared with laparoscopic adjustable gastric banding was 14 kg more at 12 months of follow-up but only about 3 kg more at 36 months of follow-up. In contrast to these results, the net weight loss observed in the pooled results from all studies combined was about the same at both 12 months and longer follow-up for vertical banded gastroplasty and adjustable band procedures.
Finally, 1 RCT compared open and laparoscopic RYGB (85) and found no significant differences (Ն30 kg for both at 12 months). Of note, although we identified 2 other RCTs comparing open and laparoscopic RYGB, their data could not be included in the formal weight loss analysis, either because of how weight loss was reported or because duration of follow-up was inadequate. However, neither study found statistical difference in weight loss between the 2 surgical approaches. This result was supported by the "all studies" pooled analysis at both 12 months and up to 36 months.
Risks of Surgery for Weight Loss
Our findings for operative mortality are presented in Table 3 . The early mortality rate for RYGB was 1.0% (95% CI, 0.5% to 1.9%) in controlled trials and 0.3% (CI, 0.2% to 0.4%) for case series data. Adjustable gastric banding had an associated early mortality rate of 0.4% (CI, 0.01% to 2.1%) for controlled trials and 0.02% (97.5% CI, 0% to 0.78%) for case series data. No statistically significant differences in mortality were seen among procedures, and no differences were seen in terms of higher or lower early mortality rates in RCTs compared with case series. Early mortality rates following bariatric surgery were 1% or less in these published controlled trials and case series data (which came from a specific clinic or surgeon performing procedures on patients enrolled in a research study). Recently, there have been several assessments of 30-day or inpatient mortality rates in unselected patients. In 2004, Flum and Dellinger (86) reported on one of the largest of such studies. In more than 3328 procedures performed in the state of Washington between 1987 and 2001, the 30-day mortality rate was 1.9%, as assessed by using administrative data (86). In addition, in 2003, Liu reported on data from the California inpatient database and found that among 16 232 gastric bypass cases, the in-hospital mortality rate was 0.3% (19) . Courcoulas and associates (20) examined administrative data from Pennsylvania and found that the in-hospital mortality rate was 0.6% in 4685 patients who had had gastric bypass.
Reports of adverse events other than mortality varied among studies. We aggregated these reports by using clinical judgment. The pooled results from 5 controlled trials comparing RYGB with vertical banded gastroplasty, which involved a few hundred patients, did not yield any statistically significant differences between rates of adverse events (Appendix Table 3 , available at www.annals.org). However, the 95% CIs were wide, meaning we can neither conclude that clinically important differences exist nor exclude that possibility. Table 4 presents the results from all studies, which are mostly case series. These data do not support strong conclusions. The absolute rates of some complications are substantial, although many may be minor in severity. Some differences among procedures in the proportions of patients with different adverse events are compatible with the anatomic changes caused by the procedure. For example, nutritional and electrolyte abnormalities are reported by almost 17% of patients treated with RYGB but by fewer than 3% of patients treated with vertical banded gastroplasty. At a minimum, these data indicate that the proportion of patients with adverse events may be approximately 10% to 20% (although most of the events may be mild) and that the occurrence may differ among procedures in clinically important ways. Table 5 presents our comparisons of adverse events for all bariatric procedures performed with an open or laparoscopic approach. In contrast to previous data presented in this report, Table 5 includes several comparisons that have a statistically significant or prima facie difference between procedures favoring laparoscopic approaches: all wounds, major wound infection, minor wound infection, and incisional hernia. However, reoperations were more common in patients who had laparoscopic procedures. Data are insufficient to reach conclusions about differences in other complications. Appendix Table 4 (available at www.annals.org) shows all studies that reported outcomes according to open or laparoscopic approaches.
Several studies have reported that a significant learning curve is associated with these surgical techniques. Flum and Dellinger (86), using administrative data from the state of Washington (1987 Washington ( -2001 , reported that surgeons who had performed fewer than 20 procedures had a patient mortality rate of 6% compared with rates near 0% for those who had performed more than 250 procedures. Schauer (87) reported an anastomotic leak rate of 10% following laparoscopic RYGB in the first 50 procedures and 0% in the subsequent 100 to 150 procedures. Wittgrove and Clark (88) reported a 3% leak rate in the first 300 procedures and a 1% rate thereafter. Higa and colleagues (89) reported in 2000 that operative time for laparoscopic gastric bypass stabilized after 150 procedures, and Suter and colleagues (23) reported major complication rates of 12.5% for the first two thirds of procedures and 2.7% for the last third. Although 4 of these 5 studies are case series, they support the existence of a technical learning curve. Of note, some of these studies reported on surgeons who were instrumental in developing these tech- Clinical Guidelines Meta-Analysis: Surgical Treatment of Obesity niques. It is possible that the potential learning curve for surgeons currently being trained will be lower because the details of the procedures have become optimized. In addition, the potentially higher complication rates of low-volume surgeons may not be represented in the literature because poor results are less likely to be reported or published.
Use of Bariatric Surgery in Adolescents and Children
We attempted to identify studies that reported data specific to adolescents (those 13 to 17 years of age) and children (those Յ12 years of age). Too few studies were identified to permit quantitative analysis. Our literature search identified 12 papers that reported weight loss after bariatric surgery in adolescents. In total, these case series report on 172 patients and document benefits in terms of weight loss and resolution of complications and harms in terms of surgical complications. No studies have compared these benefits and harms with those seen among similar patients who received nonsurgical therapies such as diet or medication. It is unclear whether extrapolation of adult 
DISCUSSION
When considering the evidence on surgical treatment of obesity, we required statistically and clinically significant within-study comparisons of outcomes to judge whether a treatment showed conclusive evidence of effect. To confidently draw cause-and-effect conclusions between treatment and outcome when assessing a difference between 2 groups receiving different treatments, we need to be sure that the groups were sufficiently similar before the treatment. Random assignment of a large number of patients is the best way to obtain similar groups, but that does not mean that conclusive evidence can come only from randomized trials. Rather, when drawing conclusions, we judge the size of the difference in outcome compared with the possibility that pretreatment differences between groups might explain the outcome differences. If a large number of patients are randomly assigned to groups, the 2 groups are very likely to be similar at baseline, and we are more confident in drawing conclusions about cause-andeffect relationships even if the difference in outcome is small. However, even when patients are not assigned randomly to groups, we can still draw conclusions about cause and effect if the differences in outcome are very large, so large that we judge it unlikely that measured or unmeasured differences could account for the differences in outcome.
Considering this, the data we identified show that surgical treatment for obesity in severely obese individuals (BMI Ն 40 kg/m 2 ) results in greater weight loss than does medical treatment. Surgical treatment results in 20 to 30 kg of weight loss that is maintained up to 10 years and longer and is accompanied by significant improvements in several comorbid conditions. For patients with BMIs between 35 and 39 kg/m 2 , data strongly support the superiority of surgical therapy. However, these data cannot be considered conclusive in the absence of a study with a concurrent comparison group. No evidence from controlled trials points to a benefit or proof of lack of benefit for mortality rates in surgical versus medical therapy for obesity.
Further supporting the superiority of surgical therapy in patients with a BMI of at least 40 kg/m 2 is the observation that weight loss reported with surgical therapy is an order of magnitude greater than that reported in pharmaceutical or diet studies of obesity (20 to 40 kg vs. 2 to 5 kg at 1 or 2 years). However, direct comparisons cannot be made because the patient samples are clearly different. Surgical studies enrolled patients who are severely obese, whereas the average BMI in the medical weight loss studies was about 33 kg/m 2 . In addition, many studies of surgical therapy report sustained weight loss (that is, at Ն24 months), whereas studies of medical weight loss therapies that report data beyond 12 months are rare and tend to report regain of most initial weight lost. However, patients and clinicians should not erroneously assume that patients can resume their previous eating habits after undergoing a surgical procedure. Substantial changes in diet are reinforced by the nature of the surgery (with the exception of some strictly malabsorptive procedures) and are necessary to maintain long-term weight loss. Recently, another group independently reported a meta-analysis of mostly case series data on obesity surgery (90). The findings were similar to ours with respect to weight loss, control of comorbid conditions, and perioperative mortality, but the group did not assess adverse events other than death (90).
The existing literature is almost bereft of data (outside of case series reports) on surgical treatment of adolescent and pediatric patients. To the extent that existing data on adults are judged to be inapplicable to adolescents or children, new studies will need to be performed. Given the increasing rate of obesity in adolescent and pediatric populations, more data about the relative efficacy of treatments are urgently needed. Conducting an RCT of surgery in the adolescent population is feasible. Such a study would go a long way toward establishing the role of surgery in this patient population.
The primary limitation of this review, similar to most other systematic reviews, is the quality of the original studies. To date, no complete report of an RCT comparing modern medical to modern surgical treatment for obesity has been published. We based many of our conclusions on the SOS study, which was observational. As we discussed previously, where the SOS study reported very large differences in outcomes between groups, we judged it more likely that these differences were due to differences in treatment than to differences in unmeasured variables between groups at baseline. Where the differences in outcomes between groups were smaller, we are less confident that these observations are due to the differences in treatment. We believe that much can be concluded from well-conducted observational studies, but we also acknowledge their limitations. One outcome likely to be influenced by the selection bias unavoidable in observational studies is quality of life. Persons who feel that being overweight has a greater impact on their quality of life may be more likely than other persons to consider surgical treatment and consequently report greater improvements in quality of life after successful surgery. Therefore, observational study data do not support definitive conclusions about the effect of obesity surgery on quality of life. Another limitation of the available data is insufficient statistical power to detect differences, should they really exist. Lack of evidence indicating a difference is not the same as evidence indicating that there is no difference. Last, publication bias may be skewing the results toward showing a greater benefit for both surgical and medical treatment because studies with negative results may not have been published.
In conclusion, surgical treatment is more effective than Clinical Guidelines Meta-Analysis: Surgical Treatment of Obesity nonsurgical treatment for weight loss and the control of some comorbid conditions in patients with BMIs of 40 kg/m 2 or greater. For patients with BMIs of 35 to 39 kg/m 2 , we do not regard the existing published data as conclusive because they are derived from case series without a concurrent comparison group. More data are needed to confirm or refute the relative efficacy of surgery for less severely obese persons. One of the common issues facing the internist or surgeon with regard to the surgical treatment of obesity lies with the selection of the procedure (for example, RYGB vs. laparoscopic adjustable band) that will offer the greatest benefit for a particular patient type (age, sex, BMI, or comorbidity profile). Controlled trials or wellmatched observational studies are needed to address these procedures' effectiveness, comparable ability to generate sustainable weight loss, complication rates, reduction in comorbid conditions, and improvement in quality of life for a particular patient profile. Last, researchers must seek to characterize, understand, and reduce the variation in operative adverse events so that appropriately selected patients can achieve the full benefit from bariatric surgery. 
